The objective of this study was to compare the Dutch DVE/OEB system and the NRC-2001 model in the prediction of supply of protein to dairy cows from processed field tick beans. Comparisons were made in terms of 1) ruminally synthesized microbial CP, 2) truly absorbed protein in the small intestine, and 3) degraded protein balance. The results showed that the predicted values from the DVE/OEB system and the NRC-2001 model had significant correlations with high R (>0.90) values. However, using the DVE/OEB system, the overall average microbial protein supply based on available energy was 16% higher and the truly absorbed protein in the small intestine was 9% higher than that predicted by the NRC-2001 model. The difference was also found in the prediction of the degraded protein balances (DPB), which was 5% lower than that predicted based on data from the NRC-2001 model. These differences are due to considerably different factors used in calculations in the two models, although both are based on similar principles. It need to mention that this comparison was based on the limited data, the full comparison involving various types of concentrate feeds will be investigated in the future. (Asian-Aust.
INTRODUCTION
Field tick beans are particularly high in protein and starch contents as potential sources for ruminants. Despite the fact that field tick bean have high protein and starch content, their use in dairy cow feeding is inefficient. The major reasons are that rumen degradation of protein is rapid and rumen effective degradability is high, which causes an imbalance between feed protein breakdown and microbial protein synthesis, resulting in unnecessary nutrient loss from the rumen . Dry roasting is a relatively simple, safe and economical procedure to reduce rumen degradation and increase intestinal availability of protein or starch. Little systematic research has been done on quantitative prediction of nutrient supply from field tick bean affected by different combinations of heating temperature and duration with a model.
There are several sophisticated models such as ARC, NRC, NKJ-NJF, PBI and DVE/OEB (Tamminga et al., 1994) existed, which can be used to quantitatively predicted such protein nutrient supply to dairy cows, both in the rumen and intestines (Yu et al., 2003) . Based on principles in existing models, modern protein evaluation systems: the Dutch DVE/OEB system (Tamminga et al., 1994) and NRC-2001 dairy model (NRC, 2001 ) have been developed. These two models consider the strong elements (such as truly absorbed protein in the small intestine) of other recently developed protein evaluation systems such as ARC and they also introduce new elements, such as the role of energy balance in intestinal protein supply. Both models provide equations to predict nutrient supply from a feedstuff to dairy cattle in terms of 1) digestible true protein escaping rumen degradation; 2) digestible true microbial protein synthesized in the rumen, and 3) endogenous protein in the digestive tract. Both models can also estimate the rumen degraded protein balance value of feeds, which considers the balance between microbial protein synthesis potentially possible from available rumen degradable protein and that potentially possible from the energy extracted during anaerobic fermentation in the rumen. Although the principles of these two models are similar, some of the factors used in quantifying calculations and some concepts differ. For example, in the DVE/OEB system, 150 g of microbial protein CP is assumed to be synthesized per kg fermented OM. But in the NRC-2001 model, it is assumed that 130 g of microbial protein CP is synthesized per kg TDN.
Comparison of the NRC-2001 model with the Dutch system (DVE/OEB) in the prediction of nutrient supply to dairy cows from forages has been made and published in Journal of Dairy Science (Yu et al., 2003) . The objective of this study was to use the DVE/OEB system and the NRC-2001 model to predict potential nutrient supply to dairy cows from the heat processed field tick beans, which is one of three major legume seeds in Australia. The field tick beans have been systematically investigated previously on the effects of roasting at various temperatures (110, 130 or 150°C) and times (15, 30 or 45 min) on chemical composition, in situ rumen degradation characteristics , ADG and feed efficiency (Yu, 1999; Yu et al., 2002) .
Model Prediction of Nutrient Supply to Ruminants from Processed
Field Tick Beans
MATERIALS AND METHODS

Field tick bean and technological treatment
The Field tick beans were roasted at 3 different temperatures (110, 130, 150°C) (Yu, 1999) . The chemical compositions are presented in Table 1 .
Estimation of total digestible nutrient and energy values
Based on chemical composition data in Table 1 (Yu, 1999) , a summative approach was used to derive the total digestible nutrient (TDN 1x ) (NRC, 2001) . In this approach, the concentrations (%DM) of truly digestible nonfiber carbohydrate, crude protein (CP), NDF and fat acid (FA) were estimated (Weiss et al., 1992) according to the equations in the NRC dairy model (2001). The energy values of DE 3X , ME 3X , NE L3X (standing for Digestible, Metabolizable and Net energy for lactation at production level of intake (3X) estimated from NRC dairy model 2001, respectively) were estimated using summative approach from the NRC dairy (NRC, 2001 ) and of ME, NE m and NE g were estimated from the NRC beef (NRC, 1996) .
The DVE/OEB system
Calculation of FOM and RUP DEV : Bypassing rumen T1  T2  T3  T4  T5  T6  T7  T8 
885 (Verite et al., 1987) . The content of OM fermented in the rumen (FOM) was calculated as: FOM (g/kg DM)=DOM-EE-RUP-FP, where, digested OM (DOM), EE, and RUP in g/kg DM; FP: Fermentation products for conserved forages (g/kg DM) (assumed to be zero for field tick beans).
Microbial protein synthesis in the rumen : Microbial protein synthesized in the rumen based on rumen fermented organic matter (MCP FOM ) was estimated as: MCP FOM (g/kg DM)=0.15×FOM. The factor 0.15 means that per kg FOM, 150 g of microbial protein CP was assumed to be synthesized (Tamminga et al., 1994) .
The content of true protein supplied to the small intestine (TPSI) was calculated as: TPSI (g/kg DM)=RUP DEV +0.75×MCP FOM , where, the factor 0.75 means that 75% of microbial N was present in amino acids with the remaining N originating from in nucleic acids.
Intestinal digestion of feed and microbial protein
The previously discussed RUP DEV and TPSI must be corrected for incomplete digestion and endogenous secretions. A correction was needed for protein losses due to incomplete digestion and from endogenous secretions. True digestibility of microbial protein was assumed to be 85% (Egan et al., 1985) and therefore the amount of truly absorbed rumen synthesized microbial protein in the small intestine (AMCP DVE ) was estimated as: AMCP DVE (g/kg DM)=0.85×0.75×MCP FOM . For feed ingredients, the content of truly absorbed bypass feed protein in the small intestine (ARUP DVE ) was calculated as: ARUP DVE (g/kg DM)=% dRUP×RUP DVE .
Endogenous protein losses in the small intestine
The endogenous protein losses in the digestive tract (ENDP) are related to the amount of undigested DM (UDM) excreted in the feaces. According to the DVE/OEB system, 75 g of absorbed protein per kg undigested DM in fecal excretion was required to compensate for the endogenous losses. Therefore endogenous protein losses in the digestive tract are estimated as: ENDP (g/kg DM)=75×undigested DM (UDM, g/kg DM), where, UDM= UOM+undigested inorganic matter (UASH), where, UOM= OM×(100-% dOM), and UASH=ASH×% 50 (CVB, 1996) .
Truly digested and absorbed protein in the small intestine
Truly digested and absorbed protein in the small intestine (DVE value) are contributed by 1) feed protein escaping rumen degradation (RUP DVE ), 2) microbial protein synthesized in the rumen (MCP FOM ), and 3) a correction for endogenous protein losses in the digestive tract (ENDP). Therefore the DVE value was estimated as: DVE (g/kg DM)=ARUP DVE +AMCP FOM -ENDP.
Degraded protein balance
The degraded protein balance was balance between microbial protein synthesis from rumen degradable CP and that from the energy extracted during anaerobic fermentation in the rumen. Therefore the DPB OEB value (g/kg DM) was estimated as: MCP RDP DVE -MCP FOM , where, MCP RDP DVE =CP-1.11×% RUP. When the Degraded Protein Balance is positive, it indicates the potential loss of N from the rumen. When negative, microbial protein synthesis may be impaired, because of a shortage of N in the rumen. The optimum value of the DPB OEB in a ration is therefore zero or slightly above (Tamminga et al., 1994 
RESULTS AND DISCUSSION
Chemical composition, in situ rumen degradation characteristics and energy value of the processed field tick beans
Chemical composition and in situ rumen degradation characteristics of CP and starch have been reported (Table  1) (Yu, 1999) . Based on the basic data (Table 1) (Yu, 1999) , a summative approach was used to derive the TDN 1X value (NRC, 2001) . In this approach, the concentrations of truly digestible non-fiber carbohydrate (tfNFC), CP (tfCP), fat acid (tfFA) and NDF (tfNDF) for each treatment were estimated from Weiss's equations (Weiss et al., 1992) . The result show that with increase temperature and times, the predicted TDN 1X and energy values were generally decreased (Table 1) . Compared with the control, the TDN 1X , DE 3X , ME 3X , NEL 3X , ME, NE m and NE g values of the treatment of 150°C for 45 min were decreased by 6.6, 6.1, 6.9, 7.4, 5.9, 7.3 and 9.2%, respectively.
Prediction of nutrient supply to ruminants using the DVE/OEB system
Using the DVE/OEB system, the nutrient supply to dairy cows from processed field tick beans are presented in Table II . The most important values are DVE (=AMCP+ ARUP-ENDP) and the DPB OEB values. The DVE value was generally increased from 109.7 to 197.2 g/kg DM (1.8 times) and DPB OEB value was generally decreased from 157.3 to 71.8 g/kg DM (2.2 times). The increased DEV value was mainly due to highly increasing absorbed RUP in the intestine although the absorbed MCP was decreased ( Table 2 ). The predicted DPB OEB value was highly reduced but was not to the level of negative in the heated treatments (Table 2 ). This indicated that potential microbial protein DVE=truly digested and absorbed protein in the small intestine (g/kg DM), contributed by 1) feed protein escaping rumen degradation (RUP DVE ), 2) microbial protein synthesized in the rumen (MCP FOM ), and 3) a correction for endogenous protein losses in the digestive tract (ENDP), calculated as: DVE=ARUP DVE +AMCP DVE -ENDP (DVE/OEB system: Tamminga et al., 1994) . 4 Degraded protein balance OEB (g/kg DM), reflecting the difference between the potential microbial protein synthesis based on degraded feed crude protein and that based on energy available for microbial fermentation in the rumen, calculated as: MCP RDP DVE -MCP FOM (DVE/OEB-system: Tamminga et al., 1994) . synthesis might not be impaired due to the sufficient N supplied in the rumen, but the high positive DPB OEB values in the most treatments except of 150°C for 45 min indicated that there was still the large amount of N loss in the rumen. In term of achieving target values for potential high net absorbable protein in the small intestine while holding any N loss in the rumen to a low level, the treatment of 150°C for 45 min was the best among the treatments.
Prediction of nutrient supply to ruminants using the NRC-2001 model
Using the NRC-2001 model, the nutrient supply to dairy cows from processed field tick beans are presented in Table  3 . Results show that total MP, contributed from AMCP NRC , ARUP NRC , and AECP, was generally increased (from 98.9 to 190.8 g/kg DM) and the predicted DPB NRC was highly decreased (from 164.7 to 67.8 g/kg DM).
Comparison of predictions from the DVE/OEB system and the NRC-2001 model
The linear relationship of the predicted nutrient supply from processed field tick bean, using the DVE/OEB system and the NRC-2001 model, in terms of 1) potential microbial protein supply based on available energy and ruminally degraded feed protein, 2) total truly absorbed protein in the small intestine, and 3) degraded protein balance, are presented in Table 4 .
Using the DVE/OEB system, the overall mean for microbial protein supply based on energy, or based on ruminally degraded protein were higher (+18 and +34 g/kg DM, respectively), the total absorbed protein in the small intestine was higher (+11 g/kg DM), but the degraded protein balance values were lower (-7 The principles of the two models for predicting metabalizable protein value are similar. However, some concepts and factors used for calculation of data are different, such as RUP and endogenous protein, MCP `(based on available N and based on available energy TDN or FOM), absorbed MCP. All contribute to the differences (NRC, 2001). between the two models in prediction of amount of total truly absorbed protein in the small intestine (DVE vs. MP) (Yu et al., 2003) .
In this study, using the DVE/OEB system, the overall average microbial protein supply based on available energyrumen FOM was 16% higher, microbial protein supply based on ruminally degraded feed protein was 13% higher, and the truly absorbed protein in the small intestine was 9% higher than that predicted by the NRC-2001 model. The difference was also found in the prediction of the degraded protein balance, which was 5% lower than that based on the data from the NRC-2001 model. These differences are due to the factors used in quantifying calculations rather than the difference in principles upon which the two systems are based. The most important outputs (net results), the DVE in the DVE/OEB system vs. the MP in the NRC-2001 model, were 11 g/kg DM difference on average. However, the comparisons were based on the predicted values from the processed tick beans. The full comparison involving various types of concentrate feeds between the two models will be investigated.
CONCLUSIONS
The predicted protein values of the processed field tick bean from the DVE/OEB system and the NRC-2001 model had significant correlations with high R values (>0.90).
However, using the DVE/OEB system, the microbial protein supply based on available energy was 16% higher, the degraded protein balance was 5% lower, and total truly absorbed protein in the small intestine was 9% higher than that predicted using the NRC-2001 model. However, this comparison was based on the limited data, the full comparison involving various types of concentrate feeds will be investigated in the future 
